In Poland, apart from Oriental lilies, Lilium longiflorum and its Asiatic hybrids, have become very popular. As a result of interspecific and intergroup hybridization, progeny plants may not always be hybrids. Embryos may be formed via apomixis and such seedlings contain the genetic material of the maternal form. Because apomixis can occur in Lilium regale, L. longiflorum, L. superbum and L. pumilum, confirmation that the obtained seedlings are hybrids is required. Studies identifying hybrids, based on DNA analysis began in the 1980's. Molecular techniques, with the most popular one -RAPD, are used for identification. As a result of crossing Lilium longiflorum with 'Connecticut King', which is an Asiatic hybrid, progeny plants were obtained using embryo isolation method. The confirmation of their hybrid status was performed by RAPD, analysing DNA genotypes of two parental forms and six progeny plants. DNA was isolated from the leaves of young lilies growing in the greenhouse and 11 primers of 10-nucleotide sequences chosen at random, from LA pr 1 to LA pr 11 were used. Amplified markers by RAPD were separated on agar gel and visualized in UV light in the presence of ethidium bromide. Among evaluated genotypes five turned out to be hybrids and one had the same genotype as the maternal plant.
INTRODUCTION
Obtaining Lilium distant hybrids is impossible without overcoming interspecific crossing barriers. Pre-fertilization barriers can be overcome by: the cut style method; (Van Tuyl et al., 1990 , 1997 Fernández et al., 1996; Roh et al., 1996) the grafted style method (Van Tuyl et al., 1997) , embryo isolation, ovary (Asano, 1980; Okazaki et al., 1994) or embryo isolation (Hayashi et al., 1986; Fernández et al., 1996 Fernández et al., , 1998 Niimi et al., 1996; Van Tuyl and van Holsteijn, 1996) and in vitro fertilization.
According to Orlikowska et al. (2001) , apomixis is known to occur in the genus Lilium. Molecular markers enable analysis at an early stage of plant development and shorten the process necessary for breeding a new cultivar (Karp, 2000; Orlikowska et al., 2001) . Different marker techniques (Yamagishi, 1995; Fernandez et al., 1996; Niimi et al., 1996; Obata et al., 2000; Marasek and Orlikowska, 2001; Wiejacha et al., 2001; Yamagishi et al., 2002) are used to confirm the hybrid status of Lilium obtained as a result of distant crossing. The majority of molecular markers now used are based on Polymerase Chain Reaction (PCR). Among them the most common technique is the analysis of random amplified polymorphic DNA (Williams et al., 1990) . This has been used in many studies e.g. identifying Lilium genotypes (Fernández et al., 1996; Choi et al., 1999; Obata et al., 2000; Yamagishi, 2002) .
The aim of the present study was an attempt to obtain seedlings by distant crossing L. longiflorum and 'Connecticut King', and verification of their hybrid status.
MATERIALS AND METHODS

Plant Material
The following Lilium cultivars and species were used: 'Connecticut King' -('Keystone' x 'Connecticut Lass') with yellow -slightly orange flowers without dots, Lilium longiflorum -with long white flowers, and Lilium longiflorum 'Snow Queen' -with white flowers.
Methods
Crossing was performed during 1999-2000 in a greenhouse. Plants were pollinated 2-3 days after castration with fresh pollen or pollen kept in an exsiccator. According to the scheme presented in Table 1 , three pollination methods were used: a natural method, a shortened style, and a cut style.
Plant ovaries were divided into two subgroups; the first one was transferred into in vitro culture and the second one matured under in vivo conditions. 1. Embryo Cultures. Sampled ovaries were disinfected with 0.1% mercuric chloride and embryos (10-12 per dish) were put on 12 cm Petri dishes on MS (1962) medium I supplemented with 60 g dm -3 saccharose and 200 mg dm -3 hydrolized casein. After 4 weeks embryos were transferred to MS medium II without growth regulators. After bulb initiation, i.e. 4-6 weeks, they were divided into scales with basal plate and transferred to MS medium III. 6-10 cm plants with bulbs over 3 mm obtained in vitro were planted into 5 cm pots containing a mixture of peat and sand at pH 5.5-6.5 and kept in the greenhouse. 2. Seed Culture. The seeds obtained as a result of distant crossing in vivo were transferred into in vitro culture and treated in the same way as the described above for the embryo cultures. 3. RAPD-PCR. DNA was isolated from the leaves of juvenile plants growing in the greenhouse using Genomic Mini from A&A Biotechnology. In PCR-RAPD reactions, 11 primers, whose sequences are given in Table 4 , were used.
Polymerase chain reactions were performed in 25 µl of mixture containing 100 µM of each dNTP, 3 mM MgCl 2 , 1 U Taq polymerase (Recombinant MBI Fermentas), 2.5 µl buffer 10 x PCR with (NH 4 ) 2 SO 4 ), 2.5 µg of BSA, 35 ng of primer, and 15 ng of template DNA. RAPD analyses were performed in two replications using PTC 200 DNA Engine Thermal Cycler produced by MJ Research. PCR profile was the following: initial incubation -94°C, 4 min, 45 cycles; denaturation -94°C, 15 sec; primer annealing -36°C, 30 sec; primer extension -72°C, 90 sec; final extension -72°C, 5 min.
The PCR products were electrophoresised in TBE buffer (0.45M TRIS-borate, 0.01M EDTA) in 1.5% agarose gel containing 0.5 mg dm -3 of ethidium bromide and documented by FluorS-MultiImager produced by BioRad.
RESULTS AND DISCUSSION
Embryo Cultures
Crossing L. longiflorum x 'Connecticut King' yielded eight ovaries, which were placed on medium I in vitro culture, two ovaries from inbred pollination and two ovaries from crossing L. longiflorum 'Snow Queen' x 'Connecticut King' (Table 2) . Embryos were isolated between 29 and 69 days after maternal form pollination. The first germination was observed 13 days after embryo cultures were set up and the last one on the 42 nd day (Table 2) . Initiation of embryo cultures from distant crossing and inbred pollination occurred directly and indirectly, i.e. by callus.
From the in vitro cultures, 38 seedlings were obtained from inbred L. longiflorum pollination, two from crossing L. longiflorum with 'Connecticut King' and 5 from crossing L. longiflorum 'Snow Queen' with 'Connecticut King'.
In some breeding centers, embryos have been transferred onto media even five days after pollination (Arzate-Fernandez et al., 1997) . The majority of authors indicate that 30-40 days after pollination is the optimal time for appropriate development of Lilium embryos using in vitro culture. Fernandez et al. (1996) crossed L. longiflorum x L. concolor and obtained 1,248 embryos and only 15 seedlings. From reciprocal crossing, 960 embryos were obtained, but no seedlings. Van Tuyl et al. (1996) obtained 100 seedling from ca 50,000 embryos.
Seed Cultures
Harvested mature capsules turned out to have different seed number (Table 3) . In variant 1, crossing L. longiflorum x 'Connecticut King' using natural pollination, five capsules produced 671 seeds including one with a well developed embryo. In variant 2 (shortened style), 6 capsules produced 976 seeds including one with a well formed embryo. In variant 3 (a cut style), no capsules were formed.
In reciprocal crossing 'Connecticut King' x L. longiflorum in variant 1, one capsule was obtained. It contained 425 seeds, but only one seed with an embryo. One capsule with 467 seeds and 57 seeds with embryos was produced in variant 2 (Table 3) . No capsules were observed in variant 3.
L. longiflorum inbreeding using all three pollination variants resulted in 22 capsules with 4,696 seeds, including 77 seeds with embryos (Table 3) .
As a result of inbred pollination of 'Connecticut King' and three pollination variants, 19 capsules with 4,129 seeds, including 65 seeds with embryos, were obtained.
Crossing L. longiflorum 'Snow Queen' with 'Connecticut King' produced one capsule containing 275 seeds without embryos. L. longiflorum 'Snow Queen' inbred pollination resulted in 3,260 seeds, 1,459 of them with embryos. The seeds with embryos were placed on MS medium and transferred into a phytotron.
RAPD-PCR Technique
All 10-nucleotide primers used in the study generated amplification products. The number of reproducible amplification products depended on the primer and ranged from 1 to 13. A total of 58 amplification products were obtained, over half of which (35) indicated polymorphism. Only one of the products did not generate RAPD polymorphic products (L pr 1). The extent of variation in parental form RAPD marker profile enabled us to verify the hybrid status of the examined objects obtained as a result of crossing L. longiflorum 'Snow Queen' and 'Connecticut King' (LA 1 -LA 6). Among the detected RAPD polymorphic markers, 16 bands were specific for paternal genome and appeared in five out of six forms being verified (LA 1, LA 3, LA 4, LA 5, LA 6). The profiles of marker bands for the second object under study (LA 2) contained neither of the products and were 100% similar to the profiles obtained for Lilium longiflorum (maternal form). These results indicate that the plants LA 1, LA 3, LA 4, LA 5, LA 6 may be recognized as intergroup hybrids, whereas LA 2 was probably formed by apomixis (Fig. 1) . Due to the possibility of apomictic embryo development during interspecific crossing in Lilium genus, using molecular markers to identify hybrid forms at early stages, improves the effectiveness of selection process (Lee et al., 1996; Orlikowska et al., 2001) .
The RAPD technique is not the only one that may be used for this kind of analysis. However, it is economical, simple to use and enables the analysis without the information concerning specific sequences within the examined genomes. On the other hand, its sensitivity to the conditions under which the analysis is conducted, may create problems with reproducing experiments under conditions of another laboratory (Devos and Gale, 1992) . Due to these potential problems with RAPD, PCR reactions of the analyses presented in this paper were performed in two replications. Taking into consideration the fact that the conclusions concerning the hybrid status of five out of six analyzed objects are based on the set of sixteen reproducible RAPD markers generated by 10 different nucleotide primers they should not raise any doubts.
Our results indicate that distant crossing of L. longiflorum x 'Connecticut King' may result in the production of well-developed seeds if L. longiflorum is used as the maternal form, but only after isolating embryos. RAPD-PCR molecular technique used for verifying the obtained seedlings showed that one out of six seedlings was probably formed via apomixis.
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